Historically, the creation of protected areas has occupied a forefront role among conservation strategies to protect wildlife. However, the effectiveness of such areas in maintaining viable populations has been a matter of debate. The present study aims to evaluate the efficiency of the protected areas network in the state of Minas Gerais, southeastern Brazil, in maintaining viable populations of Tapirus terrestris. We used the software VORTEX to model the viability of tapir populations in 65 protected areas found in the state. Our results indicate that 14 protected areas are not able to maintain lowland tapir populations in the long-term. It was also observed that 16 protected areas would suffer from genetic erosion and demographic stochasticity. Four protected areas would hold populations under the negative effects of genetic stochasticity. A total of 31 protected areas are predicted to hold viable populations. The results stress the necessity of more efficient and careful planning for resource allocation in the management of protected areas in the state of Minas Gerais, or population declines and local extinctions are expected to affect the lowland tapir in the near future.
Introduction
Its status as a megadiverse country implies to Brazil a great responsibility in safeguarding its biodiversity (Rylands & Brandon 2005) . The creation of protected areas is the backbone of the country strategies to achieve such goal, and the number of such sites has increased in the last decades (Mittermeier et al. 2005) . The first national protected area in Brazil has part of its boundaries in the state of Minas Gerais (Itatiatia National Park, created in 1937) (Mittermeier et al. 2005) . The first state protected area completely located within the state was created in 1944 (Rio Doce State Park) (Minas Gerais 1944) . Nowadays, the state's protected area network comprises a total of 183 sites, covering 3.6% of the state's area (Lima et al. 2005) .
There is an ongoing discussion regarding if the best conservation strategy is to expand the existing protected area network or to allocate resources outside protected areas, improving landscape permeability (Arponen et al. 2010; Pressey et al. 2007) . Despite the importance of this issue, another question remains: how efficient is the current protected areas network? If it is not performing well, what is needed to improve its effectiveness? These questions might be trickier than imagined, and several research projects addressed these issues (e.g. Brunner et al. 2001; Lima et al. 2005) . In the case of the Minas Gerais network, the evaluation of effectiveness focused solely on the administrative management aspects of the protected areas (Lima et al. 2005; Alves et al. 2010; Rezende et al. 2010) . To our knowledge, a species-specific biological-driven parameter of effectiveness, such as the capacity of protected areas to maintain viable populations, has not yet been used to evaluate this network.
Even though the use of modeling approaches to guide conservation actions is commonplace nowadays (Akçakaya & Sjögren-Gulve 2000; Stein 2002; Schnase et al. 2007) , evaluating the viability of large sets of species on a site is no trivial task, due to data availability and/or methodological constraints (Akçakaya & Sjögren-Gulve 2000; Hildenbrandt et al. 2006) . In this context, as largebodied species are more prone to extinction (Schmidt & Jensen 2003; Tilman et al. 1994) , the use target species as focal organisms to conduct such analyses might be a good strategy. Therefore, the present study aims to evaluate the effectiveness of the protected areas network of the state of Minas Gerais in southeastern Brazil to maintain viable lowland tapir populations.
Methods

Tapirus terrestris natural history
The lowland tapir (Tapirus terrestris) is the only native tapir species that occur in Brazil (Wilson & Reeder 2005) . Historically, it occupied a wide range of habitat types and probably was found throughout the Brazilian territory, with the exception of the extreme southern portion of the country (Naveda et al. 2008) . Currently, populations are declining across the species range (Naveda et al. 2008) , and have already been extirpated in the Caatinga and severely reduced and fragmented in the Cerrado and in the Atlantic Forest (Naveda et al. 2008) . A summary of the life history traits of the lowland tapir used as input to construct the viability model is given in Table 1 .
Population viability analysis
We used the software VORTEX (version 9.92) (Lacy et al. 2008) For each site, a total of 1000 iteractions were conducted for a period of 1000 years. The probability of extinction (PE) was computed as the proportion of iterations that had gone extinct. A population was considered as viable if it exhibits PE <0.05 and retains heterozigosity (He, a surrogate for genetic diversity) >0.90. The initial population size was set as equal to the protected area's carrying capacity, which was calculated using the conservative density of 0.5 individuals/ km 2 (Naveda et al. 2008) . A summary of model parameters used as inputs in VORTEX is provided in Appendix 1.
A sensitivity analysis was conducted in order to evaluate which parameters might influence model projections (McCarthy et al. 1995) . Due to the large number of populations modeled, the sensitivity analyses were conducted only for the critical lowland tapir population sizes (i.e. 50 animals for demographic stability -MVPd; and 150 animals for genetic stability -MVPg) (Médici et al. 2007) . In the present study, the input parameters targeted for sensitivity analyses were: inbreeding depression, mortality rates, sex ratio, percentage of females breeding, and population density. Scenarios with ± 10% of the original values were created for each one of the aforementioned parameters. For inbreeding depression, we ran one scenario with, and one without the onset of such process. For the population density parameter, we constructed a scenario using a less conservative population density of 1.5 individuals/km 2 . All sensitivity scenarios were statistically compared with the baseline scenario employing t tests, with a significance level of 5%.
Results
Effectiveness of the protected areas
Our results show that 31 out of 65 protected areas are capable of maintaining viable lowland tapir populations ( Figure 1 ; Table 2 ). The model predictions show that fourteen protected areas are not able to maintain lowland tapir populations ( Figure 1 ; Table 2 ). Sixteen protected areas have tapir populations that will suffer from demographic and genetic stochasticity and they will need to implement wildlife management actions to improve the likelihood of persistence for tapirs within their boundaries ( Figure 1 ; Table 2 ). Four protected areas have tapir populations that are predicted to persist in the time frame analyzed, but that will suffer from genetic erosion, and will benefit if management strategies focusing on recovering genetic diversity are put into practice ( Figure 1 ; Table 2 ).
Sensitivity analysis
Inbreeding depression influenced the demography of small lowland tapir populations (50 individuals), but did not exhibit influence in population genetics ( Figure 2 ; Table 2 ). On other hand, for large populations (150 individuals), inbreeding depression influenced genetic diversity (Figure 2 ; Table 2 ). The mortality rate negatively affected all parameters in small populations (Figure 2 ; Table 2 ). In large populations, mortality rate affected population growth rate and population size, but probability of extinction was not sensible to changes in this parameter ( Figure 3 ; Table 2 ).
The availability of breeding females has strong effects in small populations ( Figure 2 ; Table 2 ), but do not affect probability of extinction or heterozigosity in large populations ( Figure 3 ; Table 2 ). Large populations were sensitive for population growth rate and population size ( Figure 3 ; Table 2 ). Small populations were sensible to changes in sex ratio ( Figure 2 ; Table 2 ) whereas large populations were affected only in population growth rate and population size ( Figure 3 ; Table 2 ). 
Discussion
One of the main roles of protected areas is to maintain viable populations of species in the long-run (Bruner et al. 2001; Lima et al. 2005) . However, recent attempts to evaluate effectiveness of such networks for some mammal species in Brazil produced results that might raise concern (e.g. Brito & Grelle 2004; Brito et al. 2008) , with only a small percentage of protected areas being capable to hold viable populations. In the state of Minas Gerais, two protected areas (Caparaó National Park and Rio Doce State Park) are predicted to house viable populations for two threatened species: the lowland tapir (Tapirus terrestris) (this study) and the northern muriqui (Brachyteles hypoxanthus) (Brito et al. 2008) . These two protected areas could be considered as of paramount importance for the conservation of large mammal diversity in the state. Unfortunately, management interventions, which consume both economic and human resources, are urgently needed to avoid local extinctions and population declines throughout the state in the near future.
We did not account for habitat heterogeneity in our modelling approach. This consideration is relevant, especially within the state of Minas Gerais which overlaps with three of the Brazilian biomes (Cerrado, Caatinga and Atlantic Forest) (Drummond et al. 2009 ). We also did not consider human-driven threats, such as hunting, in our models. However, the lowland tapir suffers from hunting throughout its distribution (Naveda et al. 2008) , and our sensitivity analysis results show that changes in mortality rate might affect persistence of populations.
Large mammals play key roles in ecosystems, such as seed dispersal, trampling, regulation of prey/predator populations (Boddicker et al. 2002; Stoner et al. 2007) . They require large areas to maintain viable populations (Traill et al. 2007) . If protected areas network do not incorporate the area requirements of large mammals, such species might be lost in the long-run, as the ecological processes they took part in. Chiarello (2000) had already shown that well-structured mammal communities can only occur in large areas. A possible short-term strategy to be used as an urgent measure is the creation of buffer zones, particularly around small-isolated protected areas. In this sense, an efficient protected areas network will need to be managed as a network, and not as a group of independent sites. Also, management actions outside protected areas, considering that such areas are inserted into a mosaic landscape with several land uses, must be taking into account (Pressey et al. 2007 ).
Another way of evaluating the effectiveness of protected areas is through their administration. Lima et al. (2005) verified that in the state of Minas Gerais, 87% of such areas do not have a management plan, the most basic document of a protected area according to the Brazilian protected area legislation. Additionally, more than 60% are "paper parks", they legally exist, but lack even the minimum infrastructure for operating adequately (Lima et al. 2005) . In this scenario, it is not a surprise that the majority of the protected areas are not able to maintain viable populations.
The present study is concentrated in national and state protected areas in the state of Minas Gerais. Even though a b c d Figure 3 . Results of the sensitivity analysis for large populations (150 individuals). The A, B, C and D graphs depicts the effects in r, PE, N and He, respectively. In X axe are the sensitivity scenarios: 1 = baseline scenario; 2 = non-inbred; 3 = -10% mortality; 4 = +10% mortality; 5 = -10% breeding females; 6 = +10% breeding females; 7 = -10% sex ratio; 8 = +10% sex ratio; 9 = 1.5 individuals/km 2 density . The symbol  represents statistically non-significant scenarios (i.e. p > 0.05) in relation to baseline scenarios, and the  represents the significant ones (i.e. p < 0.05) (see "model, scenarios and simulations" in Methods). The vertical bars represent one Standard Deviation. The dotted line is the reference for baseline scenario.
they are not the only ones (private and municipal protected areas exist), they are considered the backbone areas to biodiversity conservation in the state of Minas Gerais. Even if these protected areas have not been created specifically for maintaining viable populations of the lowland tapir, it is expected that they should do it.
